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Abstract 
Shellfish is one of the most common causes of food allergy. Although a number 
of recent studies on allergens in crustaceans have adopted molecular cloning methods, 
studies on allergens in mollusks using such techniques are still limited. 
Tropomyosin, a muscle protein found both in vertebrates and invertebrates, has 
been demonstrated to be the major allergen in crustaceans and mollusks. Despite 
biochemical evidence supporting tropomyosin as the allergen in Bivalvia and 
Gastropoda, data on the molecular cloning, expression and nucleotide sequencing of 
cephalopod allergen are lacking. 
In the present study, different cephalopod species, including squids {Loligo 
chinensis, Loligo oielgoria and Todaropsis ebenae), cuttlefishes {Speioteuthis lessoniana, 
Sepia torosa and Sepiella japonica) and octopuses {Octopus luteus, Octopus variabilis 
and Octopus vulgaris), have been found to have multiple allergens with different 
molecular weights varying form 10 to 100 kDa. Allergens with molecular weights 
different from tropomyosin (34-39 kDa) are more evident in octopus and squid than in 
cuttlefish. Some, but not all, sera from shrimp allergic patients were found to be reactive 
to cephalopod protein extracts. This suggests the prevalence of patients suffering from 
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both shrimp and cephalopod allergy is much lower than those only suffering from shrimp 
allergy. 
Tropomyosin was identified to be the major allergen in the octopus, Octopus 
luteus, by cDNA cloning, expression and nucleotide sequencing. This allergen is 
designated to be Oct I I and it's cDNA contains an internal EcoRI restriction site. The 
cDNA of allergen Oct / l i s 1.3 kb in moleucular weight, with an open reading frame of 
284 amino acid residues. The recombinant protein expressed from the cDNA of Oct I 1 is 
42 kDa in molecular weight However, it is not the actual molecular weight of Oct I 1 
because of the presence of 164 bp upstream sequence at the N, terminus of cDNA 
isolated. The nucleotide and amino acid sequences of Oct 11 exhibit high homologies to 
tropomyosins from other mollusks, particularly the oyster Crassostrea gigas and the 
abalone Haliotis rufescens. 
Comparisons of the nucleotide and amino acid sequences of tropomyosin between 
octopus and other mollusks show that the percentage identity varies from 67 to 99.8% 
and 70.7 to 100%, respectively. However, this percentage became lower when 
crustaceans were included in the comparison. Therefore, tropomyosins within mollusks 
are more similar to each other than they are to crustaceans. 
The tropomyosin gene was used to resolve the phylogenetic relationships among 
mollusks. The derived amino acid sequences of tropomyosin were used to resolve twenty 
mollusk species into three distinguish groups (Bivalvia, Gastropoda and Cephalopoda). 
This suggests that tropomyosin can be used as a molecular marker for phylogenetic 























284個氨基酸殘基(amino acid residues)的開闊的讀碼(open reading frame),和編 
出一個42千道爾頓(kDa)的蛋白。而硏究亦發現Oc, / 1的核甘酸和氨基酸序列和 
其他軟體動物的旋肌蛋白有著高度的同源性。特別是牡蠣(oyster)CraMasTrea 
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Shellfish, including crustaceans and mollusks, are very popular cuisine all over the 
world. Yet shellfish has also been recognized as a major causative agent of food 
allergy. Like other food allergies, the allergies caused by ingestion or exposure to 
shellfish involve adverse allergic reactions which are categorized as type I IgE-
mediated hypersensitivity. The major allergens in many shellfish species, such as 
shrimp, lobster, crab, abalone and top shell were identified to be the muscle protein 
tropomyosin. This major shellfish allergen was isolated and well characterized in 
crustacean species by applying modern molecular techniques such as immunoblotting 
and molecular cloning. However, investigations on the characterization of mollusk 
allergens using recombinant DNA technology are still limited. 
Based on immunoblotting studies of mollusk protein extract (including 
Bivalvia, Gastropoda and Cephalopoda) in the present study, some allergens with 
molecular weights different from tropomyosins were identified. In cephalopod species 
such as squid, cuttlefish and octopus, allergens of molecular sizes over 100 kDa were 
detected. However, the nature of these allergens has not yet been elucidated. The aims 
of this research are: (1) to define the allergen profiles in molecular weights from 
different cephalopod species by immunoblotting, and (2) to identify and characterize 
the major and minor allergens from one of the cephalopod species, the octopus Octopus 
luteus, using the cDNA cloning technology. 
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In chapter 2 of this thesis, a review of literature on the isolation, identification and 
characterization of crustacean and mollusk allergens at both immunological and 
molecular levels are presented. In chapter 3, the materials and methods employed in the 
present study are described. In the same chapter, the results and discussion of 
immunological and molecular studies on allergens in cephalopod are also presented. A 




This chapter presents a literature review on (1) current understanding of 
shellfish allergies, (2) previous studies on allergens in crustaceans, (3) cross-
reactivity of allergens between crustaceans and mollusks, (4) studies on allergens 
in mollusks, and (5) the analysis of IgE-binding epitopes in shellfish allergens. 
2.1 Allergy to shellfish 
Seafood has been recognized as a major source of food allergy. Apart from 
fish, shellfish has become a very popular cuisine all over the world because of 
their high protein and low fat content. At the same time, the number of reported 
cases of seafood allergy also increased. Food and seafood allergies have been 
reviewed by a number of authors. (Taylor and Bush 1988; O'Neil and Lehrer 
1995; Hefle et al 1996; Kaminogawa 1996; Sampson and Burks 1996; Leung 
and Chu 1998). 
The adverse symptoms of seafood allergy are not much different from those 
caused by other food allergies. Allergic symptoms often, but not always, reflect 
the route of exposure by the affected individual. For example, when food is 
ingested, it initially comes into contact with the buccal mucosa, resulting in 
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localized itching (pruritus), erythematous cutaneous lesions (urticaria or hives), or 
swelling of the face or tongue. Ingestion can also cause gastrointestinal symptoms 
like nausea, vomiting and diarrhea. On the other hand, inhalation of seafood 
vapour or steam can cause asthma, rhinitis, swelling of the larynx or 
rhinoconjunctivitis. In some cases, patients may even have respiratory symptoms 
after ingestion (O'Neil and Lehrer 1995). 
In fact, a wide range of adverse reactions can be induced following food 
ingestion. In some cases, adverse reactions are misunderstood to be food allergies 
because of similar symptoms to those of food allergies. Basically, adverse 
reactions to foods are any clinically abnormal responses triggered by the exposure 
to foods or food additives, including both immunological and non-immunological 
reactions. However, "food allergies" are specific types of immunologically 
mediated adverse reaction after the ingestion or inhalation of food allergens 
(Lehrer et al. 1996). Therefore, real "food allergy" does not relate to any 
physiological effect due to the food or food additive (Sampson and Metcalfe 
1991). 
Most food allergies represent type I IgE-mediated hypersensitivities. This kind 
of hypersensitivity requires prior exposure of the food item. The 
immunopathologic mechanism of food allergy is summarized in Fig. 2.1. After 
food is ingested, the food allergens enter the body via the gastrointestinal tract 
that is the first barrier of foreign materials inside human body. Then the 
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Figure 2.1 The mechanism of food allergy (type I hypersensitivity). APC -
Antigen Presenting Cells, B - B cell，EO 一 eosiniphil, IL - interleukins， 
MHC -major histocompatibility complex 
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allergen will be recognized by several types of cells in the immune system: (1) 
antigen presenting cells (APC), (2) T cells, (3) B cells and (4) mast cells. Once 
the allergens are internalized and processed by antigen presenting cells, the 
allergens would subsequently be presented to T cells. 
T cells are divided into CD4+ T cells (also called helper T cells consisting of 
types THl and TH2) and CD8+ T cells. TH2-type CD4+ T cells play an 
important role in activating the antibody secretion of B cells, while THl-type 
CD4+ T cells are primarily responsible for cell mediated immune response. On 
the other hand, CD8+ T cells help to kill infected target cells or to downregulate 
the immune response. 
The cascade of the food allergy is induced right after the entry of the allergens 
into the immune system via the gastrointestinal barrier. The allergens will first be 
presented by antigen presenting cells in the form of major histocompatibility 
complex (MHC) class II molecules on the cell surface. Before the presentation, 
the allergens will be processed inside APC to eliminate the tertiary structure of 
the allergens. Then, the MHC II will be recognized by T cell receptor (TCR) on 
the surface of T cell. The reactive site of MHC II is called a T cell epitope, which 
interacts with TCR leading to the activation of T cells. Simultaneously, allergens 
bind to the immunoglobulin E (IgE) on B cells surface. The allergen reactive sites 
to IgE are called B cell epitopes. 
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By secreting cytokines such as IL-13 and IL-4, the activated T cells then 
stimulate the proliferation of B cells and promote the differentiation of B cells into 
IgE antibody-producing cells. In addition, the cytokine IL-5 would stimulate the 
eosinophil for late response reactions. The IgE produced from mature B cells then 
attach to receptors on the surface of mast cell. When the cell-bound IgE molecules 
are cross-linked by the epitopes of an allergen, the mast cells degranulate and 
release chemical mediators such as leukotrienes and histamine, which then trigger 
the allergic reactions (Kaminogawa 1996). 
2.2 Identification and characterization of crustacean allergens 
The isolation and identification of shellfish allergen are critical steps in 
understanding the mechanism of the allergic responses of our immune system to 
shellfish allergens. Two decades ago, Hoffman et al. (1981) first isolated and 
characterized two shrimp allergens, namely antigen I and 11. Both antigens were 
glycoproteins with different molecular weights. Antigen I is 21 kDa and antigen II 
is 38 kDa in molecular weight, respectively. These two allergens were extracted 
from raw shrimp extract, but only antigen II could be found in boiled shrimp 
extract. Therefore, antigen II was considered to be the major heat-stable allergen of 
shrimp. 
In 1989, Nagpal et al. isolated two heat-stable shrimp allergens from boiled 
shrimp {Penaeus indicus) extract by biochemical techniques including 
ultrafiltration, ion-exchange chromatography and gel filtration. The two allergens 
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isolated, named Sa I and Sa II, have molecular weights 8.2 and 34 kDa, 
respectively. By performing solid-phase radioimmunoassay-inhibition studies, Sa 
I and Sa II were found to have 54% of common allergenic epitopes. Therefore Sa 
I was suspected to be a heat denatured fragment of Sa II resulted from boiling. 
Lehrer et al. (1990) demonstrated the presence of acidic shrimp allergens (pH 
4.0 to 6.5) from boiled white shrimp Penaeus setiferus. Data from immunoprint 
analysis showed that 12 out of 14 skin test-positive patients had significant IgE 
reactivity to boiled shrimp extract. In the same study, results from cross-
radioimmunoelectrophoretic test of shrimp allergens showed that 75% of tested 
sera reacted to at least three major allergens in white shrimp, suggesting the 
presence of multiple shrimp allergens. 
In 1993, Shanti et al. identified the major allergen from the white shrimp 
Penaeus indicus (Sa II, also referred as Pen i I) as the muscle protein 
tropomyosin. The amino acid sequences of different peptides generated by 
proteolysis of Pen i I showed 86% homology to the tropomyosin from the fruit fly 
Drosophila melanogaster. Tropomyosins are a family of actin filament binding 
proteins with distinct isoforms found in muscles, brain and various non-muscle 
cells. These isoforms are elongated proteins that possess a simple dimeric a-
helical coiled-coil structure along their entire length. This structure is based on 
the repeated amino acid sequences that are highly conserved in all tropomyosin 
isoforms in eukaryotic organisms. The function of tropomyosin in muscles is, in 
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association with the troponin complex, to regulate the calcium-sensitive 
interaction of actin and myosin (Lees-Miller and Helfman 1991). 
In 1994, Daul et al isolated the major shrimp allergen with a molecular 
weight of 36 kDa from the shrimp Penaeus aztecus. This allergen was named Pen 
a I and identified as tropomyosin. In the same year, the shrimp allergen, named 
Met e I, was isolated and characterized from the shrimp Metapenaeus ensis by 
cDNA cloning, expression, nucleotide sequencing and amino acid sequence 
determination (Leung et al. 1994). The cDNA of Met e I exhibited an open 
reading frame of 281 amino acids, coding for a 34 kDa protein. In summary, the 
amino acid sequences and composition of antigen II (Hoffman et al. 1981), Sa II 
(Nagpal et al. 1989), Pen a I (Daul et al 1994) and Met e I (Leung et al 1994) 
showed high homology to the tropomyosin from Dropsophila melanogaster 
(Leung et al 1994). 
Besides shrimp, other crustaceans such as lobsters and crabs can also be 
sources of food allergy. After the first identification of tropomyosins as allergens 
in shrimp, the allergens from other crustaceans, included lobsters and crabs have 
also been identified (Leung et al. 1998a, b). By using the recombinant DNA 
technology, the allergen of the spiny lobster Panulirus stimpsoni was isolated and 
named Pan s I (Leung et al. 1998a). The nucleotide sequencing analysis of Pan s 
I cDNA suggested that it had an open reading frame of 274 amino acids, coding 
for a 34 kDa protein. This IgE reactive protein is rich in alanine, lysine, leucine, 
glutanic acid and arginine. In the same study, the allergen from the American 
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lobster, Homarus americanus was cloned, sequenced, expressed and designated 
as Horn a I (Leung et al, 1998a; Mykles et al. 1998). The cDNA of allergen Horn 
a I had an open reading frame of 284 amino acids, and also coded for a 34-kDa 
protein. The amino acid sequences of Pan s I, Horn a I and Met e I (shrimp 
tropomyosin) showed highly homology of 94.7% to 98.2%. More interestingly, 
sera from crustacean allergic patients lost their IgE reactivity to crude lobster 
extracts when they were preincubated in recombinant proteins Met e I, Pan s I 
and Horn a 1. This was the first report of cross-reactivity at the molecular level 
between lobster and shrimp. The study demonstrated that not only the shrimp 
recombinant tropomyosin shared similar epitopes to lobster, but also indicated 
that muscle protein tropomyosins in crustaceans are highly conserved (Leung et 
al 1998a). 
After the identification and characterization of shrimp and lobster allergen as 
muscle protein tropomyosins, a crab allergen was isolated from a cDNA library 
constructed from the crab Charybdis feriatus and the allergen was designated as 
Cha f l (Leung et al. 1998b). The cDNA of Cha f l showed an open reading frame 
of 264 amino acid on nucleotide sequence analysis, coding for a 34 kDa protein. 
Cha f l was also identified as tropomyosin. 
2.3 The characterization and identification of mollusk allergens 
Beside crustaceans, mollusks are also a common source of seafood allergy. 
Studies were carried on for the allergens in mollusk species such as limpet 
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(Carrillo et al 1994), squid (Miyazawa et al 1996), mussel (Iwasaki et al 1997), 
oyster (Ishikawa et al 1997, 1998b, c), abalone (Lopata et al. 1997) and top shell 
(Ishikawa et al 1998a). 
Carrillo et al. (1994) demonstrated the antigenicity of the cooked limpet 
extract by performing the skin prick tests. In addition, specific IgE in the sera from 
limpet allergic patients were demonstrated by applying CAP, RAST and CAP 
inhibition test. The results suggested that limpet is a source of potentially 
dangerous allergen. In Japan, Miyazawa et al. (1996) isolated a major allergen with 
molecular weight of 38 kDa from the squid Todarodes pacificus. The heat-stable 
allergen, named Tod p I, was purified by column chromatography. Peptide 
sequences of Tod p I exhibited significantly high homology to the snail 
tropomyosin, suggesting that Todp I is tropomyosin. 
In 1997, Ishikawa et al. purified two allergens (Cra g 1 and 2) from the oyster 
Crassostrea gigas by gel chromatography, ion exchange FPLC and reverse-phase 
HPLC. Although these two allergens could be separated by reverse-phase HPLC, 
they seem to be similar proteins because of their similar behaviors in other 
properties. SDS-PAGE showed that both Cra g 1 and 2 gave a main protein band 
corresponding to a molecular weight of 35 kDa. Comparison of the amino acid 
composition of Cra gs to that of shrimp allergens such as Sa II, Pen a I and Met e I 
showed they are highly homologous. This suggested that the major allergen in 
oyster is also the muscle protein tropomyosin. Ishikawa et al. (1998a) continued 
the studies on Cra g 1 and 2. The allergens Cra g 1 and 2 were digested with 
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lysylendopeptidase and separated by reverse phase HPLC. Amino acid sequence 
determination was performed to show that Cm g 1 was the isomer to Cra g 2. 
The allergens from abalone (Lopata et al 1997) and top shell (Ishikawa et al. 
1998c) were identified. In the former study, 38 patients were recruited with 
reported immediate and delayed adverse reaction to abalone {Haliotis midae). The 
study included skin prick test and RAST responses test. Five of the subjects with 
positive RAST responses had positive result in immunoblot analysis. The IgE 
antibodies reacted mainly to two major allergens with molecular weights of 38 and 
49 kDa. The 49 kDa allergen had been designated as Hal-m-\. Based only on the 
molecular sizes of the isolated allergens, Lopata et al. (1997) suggested that the 38 
kDa protein should be the trompomyosin in abalone since its size was similar to 
that of tropomyosins from other species (such as shrimp). On the other hand, 
Ishikawa et al. (1998a) purified the major allergen in the top shell Turbo cornutus. 
The allergen, isolated by column chromatography, showed strong reactivity to the 
sera from three individuals sensitive to both mollusks and crustaceans. The purified 
allergen was then designated as Tur c I with 35 kDa in molecular weight. The 
amino acid sequence of Tur c 1 showed relatively high homology to tropomyosins 
from other shellfish. The amino acid content was characterized by the abundance 
of Glx, followed by Leu, Ala and Lys in decreasing abundance, and the absence of 
Trp. This suggested that the major allergen in gastropods is tropomyosin. Recently, 
Chu et al (2000) confirmed that tropomyosins in abalone (38 kDa), scallop and 
mussel are allergens. By using the technique of RT-PCR, the tropomyosins from 
the abalone Haliotis diversicolor, the scallop Chlamys nobilis and the mussel 
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Perna viridis were amplified and cloned in plasmid vectors for protein expression. 
By nucleotide sequence analysis, the cDNAs are 852 bp in length corresponding to 
an open reading frame of 284 amino acid, and encode IgE reactive protein at 38 
kDa. The nucleotide and amino acid sequences of the tropomyosins of these three 
mollusks showed high homology to tropomyosins from other mollusks and 
crustaceans. This suggested that the major allergen in abalone, mussel and scallop 
is tropomyosin. 
Although studies on allergens in crustaceans by using recombinant DNA 
technology are very common, the use of this technique in the identification of 
mollusk allergens is still limited. Recently, Leung and Chu (submitted) performed 
cDNA cloning and identification of the major allergen from the Pacific oyster 
Crassostrea gigas. The clone was isolated from an expression cDNA library of the 
oyster by screening with sera from individuals allergic to oyster. The isolated 
cDNA was 1.3 kb in size and had an opening reading frame of 233 amino acid 
residues encoding for a 31 kDa protein. The amino acid sequence and composition 
of the expressed peptide are highly homologous tropomyosin from other mollusks 
and crustaceans. Therefore, as in the study by Ishikawa et al. (1998b, c), the major 
allergen in oyster Crassostrea gigas was identified as tropomyosin. The allergen 
isolated in the study by Leung and Chu (submitted) was named Cra g III. 
A list of the identified shellfish allergens is shown in table 2.1. To date, the use 
of cDNA cloning technique in the studies of food allergens is very common. This 
approach is also widely used in studies on seafood allergens (Leung et al. 1994; 
13 
1998a, b; Leung and Chu submitted). However, there is no cDNA cloning in studies 
on cephalopod allergen. In fact, the use of molecular cloning in allergen 
identification and characterization has advantages such as: (1) higher confidence 
and accuracy in nucleotide and amino acid sequence analysis and (2) that the cDNA 
isolated can be cloned and subcloned into different types of vectors for various 
purposes such as sequencing and protein expression. 
2.4 Cross-reactivity between shellfish allergens 
Study on antigenic cross-reactivity in shellfish was first reported by Halmepuro 
et al (1987) in lobster and crawfish by crossed immunoelectrophoresis. 
The major allergens in crustaceans such as shrimp, lobsters and crabs have been 
identified as isoforms of tropomyosins and are likely to have similar IgE-eptiopes 
(Leung et al. 1999). It is not surprising that epitopes of tropomyosins in crustaceans 
are similar and patients having shrimp allergy also have allergies to lobster and 
crabs because shrimp, lobster and crabs are phylogenetically closely related. 
14 
Table 2.1 List of identified shellfish allergens in previous studies 
Source of Nomenclature MW cDNA References 
al lergen (kPa) cloned ； 
Penaeus indicus Pen i 1 38 Naqpal et al. 1989 
(Indian white shrimp) Shanti et al, 1993 
Penaeus aztecus Pen a 1 36 Daul et al. 1994 
(Northern brown 
shrimp) 
Metapenaeus ensis Met e 1 34 + Leung et al. 1994 
(Greasy black 
shrimp) 
Panulirus stimpsoni Pan s 1 34 + Leung et al. 1998a 
(Spiny lobster) Crustacea 
Homarus americanus Horn a 1 34 + Leung et al. 1998a 
(American lobster) 
Charybdis feriatus ChafX M + Leung et al. 1998b 
(Crab) 
Todarodespacificus Todp 1 38 - Miyazawa er a/. 1996 
(Squid) 
Turbo cornutus (Top Tur c 1 35 Ishikawa et al. 1998a 
shell) 
Haliotis midae Hal m 1 38 and Lopata et al. 1997 
(Abalone) 49 
Crassostrea gigas Crag 1 and 2 35 - Ishikawa et al. 1998b, 
(Oyster) c 
Crassostrea gigas Cra g III Mollusca 31 + Leung and Chu. 
(Oyster) submitted 
Haliotis diversicolor~~Hal d I ^ Chu et al 2000 
(Abalone) 
Chamys nobilis Chlnl ^ Chu et al. 2000 
(Scallop) 
Perna viridis Pervl ^ ^ Chu et al. 2000 
(Mussel) 
+** represent the cDNA clone from RT-PCR 
+ represent the cDNA clone from cDNA library 
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However, some surveys reported that mollusk species also cause allergies. 
Examples include cuttlefish, limpets (Shibasaki et al. 1989), abalone (Morikawas 
et al 1990), and squid (Carrillo et al 1992). Lehrer et al (1987) performed an 
inhibition experiment showing the significant correlation of IgE reactivity of 
oyster and crustacean allergens. This suggested that oyster and crustacean might 
share common antigenic eptiopes. Carrillo et al. (1992) demonstrated the cross-
reactivities between squid and shrimp, and between shrimp and other crustaceans 
by the reverse immunoassay inhibition test. However, the cross-reactivity could 
not be demonstrated between squid and octopus, nor between squid and other 
mollusks. 
Leung et al. (1996) demonstrated the inhibition of IgE reactivity of shrimp 
sensitive sera to extracts of crustaceans by recombinant shrimp allergen. After 
preincubated with recombinant shrimp tropomyosin, the allergic sera lost all of 
their IgE binding reactivity against the 38 kDa protein band in shrimp, spiny 
lobster and mud crab. This suggested that the presence of identical or similar IgE 
epitopes among these crustaceans (Leung et al. 1996). In the same study, the 
inhibition of IgE binding reactivity of shrimp-sensitive sera to mollusk allergen 
by recombinant shrimp allergen was demonstrated. The results showed that the 
mollusk reactive sera all lost their IgE reactivities after preabsorbed with 
recombinant shrimp tropomyosin. Immunoblot analyses showed many reactive 
bands in whelk (class Gastropoda), mussel, pen shell, oyster, scallop (class 
Bivalvia), squid and octopus (class Cephalopoda). The shrimp recombinant 
tropomyosin seems to have the ability to block all the IgE reactivity in the sera 
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(Leung et al 1996). The results suggested that the presence of common allergenic 
epitopes between crustaceans and mollusks. The cross-reactivity between 
crustaceans and mollusks made the studies on mollusk allergen more interesting. 
2.5 Epitopes of shellfish allergens 
The tropomyosins from different crustaceans such as crab, shrimp and lobster 
were demonstrated to be cross-reactive to each other (Leung et al. 1998a, b). 
Tropomyosin, in fact, is a common type of muscle protein that can be found in 
both invertebrate and vertebrate species. Interestingly, there is no cross-reactivity 
between tropomyosins in shellfish and in vertebrates (Leung et al. 1996). 
The cross-reactivity of different allergens is due to their common IgE-binding 
epitopes. Identification and characterization of IgE-binding epitopes would not 
only give insights into the molecular basis of cross-reactivity, but could also 
improve the understanding of interactions between allergens and our immune 
system (Shanti et al. 1993). Shanti et al. (1993) proposed two shrimp IgE binding 
epitopes in the allergen Pen i I from the shrimp Penaeus indicus. The two 
peptides are designated to be peptides 6 and 9, with the amino acid sequence 
FLAEEADRK and MQQLENDLDQVQESLLK, respectively. Peptide 6 was 
located at residues 153-161 and peptide 9 was located at 50-66 in the amino acid 
sequence of tropomyosin. On the other hand, Reese et al. (1997) constructed a 
peptide library to express 10-30 amino acid peptides of Pen a I. The library was 
screened with sera from allergic patients to identify the IgE reactive peptides. 
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There were four IgE reactive peptides, namely peptide E2, E3, E4 and E6 that 
showed IgE-binding reactivity. Peptide E6 (amino acid residues 147-159) showed 
partially overlapping to the previously identified IgE reactive peptide from Pen i I 
and is 92% identical to tropomyosin of different invertebrates. E4 (amino acid 
residues 252-272) and E2 (amino acid residues 157-169) are 100% identical to 
the same residues in Met e 1 (tropomyosin isolated from the shrimp Metapenaeus 
ensis) and E2 was also shown to be identical to other arthropod tropomyosins. E3 
peptide represents amino acid residue 126-138. Reese et al. (1999) proposed 
another 9 possible IgE-binding epitopes of Pen alhy screening of a recombinant 
peptide library. The IgE-binding epitopes are located at the N terminus, center 
and C terminus of the Pen a I molecule. Reese et al. (1999) also suggested that 
the major allergenic regions are located at residues 119-148, 153-179 and 241-
282 in Pen a I. Recently, a 21-mer peptide from amino acid residues 261-281 in 
Met e 1 was suggested as a putative T-cell epitope which could reduce the IgE 
reactivity in mouse model, but the sequence is different from the putative B-cell 
epitope (Subbo Rao et al. 1998). 
Ishikawa et al. (1998b) reported the IgE-binding epitopes in the major allergen 
of the oyster Crassostrea gigas. The major oyster allergen {Cra g 1) was digested 
with lysylendopeptidase to obtain twenty-one peptide fragments which were then 
separated by reverse-phase HPLC. Among the digested peptides, a peptide 
(namely K21) showed maximum inhibition for the binding of IgE antibodies in 
sensitive human serum to Cra g 1. K21 was then subjected to further tryptic 
hydrolysis to give five fragments, namely K21a, b, c, d and e. Two of the 
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fragments exhibited high inhibitory ability similar to fragment K21. The amino 
acid sequence of one of the two segments, residues 92-105 
(IQLLEEDMERSEER), was different from the identified IgE binding epitopes 
from Pen i I (Penaeus indicus). 
In addition to the oyster allergen epitope identification, Ishikawa et al. (1998a) 
performed a study on IgE-binding epitopes of the top shell Turbo cornutus. The 
amino acid sequences of tropomyosins of the abalone Haliotis rufescens, the 
oyster C gigas {Cra g I), the mussel Mytilus edulis were aligned and compared to 
tropomyosins of the shrimps M. ensis and P. indicus {Pen i I). Ishikawa et al. 
(1998a) proposed IgE-binding epitopes dissimilarity of Tur c I to Pen i I and Cra 
g 1 by several reasons. Firstly, a peptide K23 in positions 269-284, located at the 
C-terminal fragment and produced from Tur c 1 by lysylendopeptidase digestion, 
was isolated and found to have IgE binding reactivity, but Cra g 1 and Pen i I had 
no IgE-binding reactivity in this segment. Secondly, neither of the two proposed 
epitopes (position 50-66 and 153-161) for Pen i 1 represent IgE-binding epitopes 
for Tur c 1 or Cra g 1. Thirdly, there are many alterations in amino acid residues 
between IgE-binding epitopes of Tur c 1 and Pen i 1. However, these sequences 
are completely identical between Pen i I and Met e I. Therefore, Ishikawa et al. 
(1998a) suggested the presence of species specific IgE-binding epitopes in 
shellfish. However, this conclusion seems to be in contrast to the evidence of IgE 
cross-reactivity between crustacean and mollusk allergens (Lehrer et al. 1987; 
Leung et al. 1996). Therefore, more studies are needed to elucidate the nature of 
the cross-reactivity between crustaceans and mollusks. 
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The amino acid sequence of the shrimps Penaeus indicus and P. aztecus, the 
oyster Crassostrea gigas and the topshell Turbo cornutus IgE binding epitopes 
are shown in Table 2.2. 
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Table 2.2 Comparison of amino acid sequences of IgE binding 
epitopes in shellflsh allergens 
Source Peptides Posi t ion 
Shrimp 
Pen i 1 MQQLENDLDQVQESLLK 50-66 
(Shanti et al. 1993) FLAEEADRK 153-161 
Pen a 1 RKLAMVEADLERA 167-179 
(Reese et al 1997) SDEERMDALENQL 136-148 
NEKEKYKSITDELDQTFSELS 262-282 
EADRKYDEVARKL 157-169 







FAERS VQKLQKEVDR 241-255 
VDRLEDELVNEKEKY 253-267 
Oyster 
Cra g 1 IQLLEEDMERSEER 92-105 
(Ishikawa et al. 1998c) 
Top Shell 
Tur c 1 AANLENDFDNVNEQLQDALSK 50-70 









Isolation and characterization of allergens in cephalopods 
3.1 Introduction 
Although molecular cloning methods are commonly used in studies on shellfish 
allergens, such as allergens in shrimp (Leung et al 1994; Daul et al 1994), crab 
(Leung et al 1998b) and lobster (Leung et al 1998a), most of these studies focused 
mainly on crustacean allergens. Following the identification of allergens in 
crustaceans, allergens in mollusks such as abalone (Lopata et al. 1997), top shell 
(Ishikawa et al 1998a), oyster (Ishikawa et al 1998b, c) and squid (Miyazawa et al 
1996) were isolated and identified. 
Several studies on allergens in mollusks have focused on the cross-reactivity 
between different species of mollusks or between mollusk and crustacean allergens. 
One of the studies conducted by Leung et al. (1996) have addressed the cross-
reactivity between allergens in various mollusks and crustaceans at the molecular 
level. This study demonstrated the shrimp allergic sera lost their IgE-binding 
reactivities to mollusk allergen after the sera were preabsorbed with recombinant 
shrimp allergen. The tested mollusk species included Gastropoda (abalone and whelk), 
Bivalvia (mussel, pen shell, scallop, oyster and clam) and Cephalopoda (cuttlefish, 
squid and octopus). More interestingly, the immunoblot analysis showed that the 
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presence of some allergens with diverse molecular sizes in mollusk species, especially 
in cephalopod species. Among cephalopods, the allergens of octopus extract showed 
the highest variety in molecular sizes (Leung et al 1996). Allergens with molecular 
weights other than 35-39 kDa were suspected to be allergens other than tropomyosin 
or its isoforms. 
Recently, Leung and Chu (submitted) isolated the major allergen in the Pacific 
oyster Crassostrea gigas using cDNA cloning. This was the first study on mollusk 
allergens in the molecular level. Besides, Chu et al. (2000) also used the reverse-
transcriptase polymerase chain reaction (RT-PCR) method for the identification of 
allergens in abalone, scallop and mussel. The results of the study showed that the 
major allergen in Gastropoda and Bivalvia species is tropomyosin. 
However, the studies on allergens in cephalopods are still limited. The only study 
on cephalopod allergen was performed by Miyazawa et al (1996). Although the major 
allergen from the squid Todarodes pacificus was isolated in this study, reports on 
molecular identification on allergen in cephalopods are lacking. 
The present study was conducted to isolate, identify and characterize the major 
and minor allergens in octopus. Specifically, the aims of this study are (1) to isolate 
the allergens from the octopus Octopus luteus by using cDNA cloning method, (2) to 
identify and characterize allergens by using DNA sequencing analysis, (3) to express 
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recombinant allergens by cloning the cDNA into expression vectors, and (4) to show 
the allergenic reactivity of the recombinant allergen by performing immunoblot 
analysis. 
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3.2 Materials and methods 
3.2.1 Animal 
Live octopus {Octopus luteus) was purchased from seafood market in Sai Kung, 
Hong Kong. The octopus was kept alive until used for RNA extraction. In addition, 5 
g of muscle tissue from the arms was isolated to perform immunoblot analysis. In 
addition, eight other muscle tissue samples from different cephalopod species (5 from 
Hong Kong and 3 from South Africa) were used to perform immunoblot analysis. The 
names of the species are shown in Table 3.1. 
3.3.2 Sera 
Forty-one seafood allergic serum samples from the sera bank maintained by Dr. 
P.S.C. Leung at the Division of Rheumatology, Allergy and Clinical Immunology, 
University of California, Davis, were used in immunoblot analysis. 
3.2.3 Cephalopod tissue extract 
Fresh muscle tissues were cut from the arms of the animals and then freeze dried. 
About 0.5 g of freeze-dried tissue were ground in 5 ml protein extraction buffer (0.25 
M NaCl in 0.05 M sodium phosphate buffer, pH 7) for 5 min. The extract was 
transferred to 1.5-ml microfuge tube and centrifuged at 14,000 rpm at 4°C for 10 min. 

















































































































































































































































































further centrifugation for 10 min. This procedure was repeated twice. The final protein 
extract was stored at 4°C until use. 
3.2.4 Quantitation of protein 
The protein concentration of the protein extracts were determined using the 
BCA Protein Assay kit (Sigma Cat# B-9643). The protocol of the manufacturer was 
followed. The stock protein extract was diluted with protein extraction buffer to a 
concentration 2 \igl\i\ before electrophoresis. 
3.2.5 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
SDS-PAGE was used to separate proteins in cephalopod muscle extract. The 
proteins were separated according to the molecular sizes (Laemmli 1970). The Mini-
PROTEAN II dual slab cell system (BioRad) was employed. The protein extract of 
concentration 2 \xgl\i\ was mixed with 2x sample loading buffer (62.5 mM Tris-HCl, 
pH 6.8, 20% glycerol, 2% SDS, 0.1% bromophenol blue and 5% P-mercaptoethanol) 
was added just before use. The mixtures were heated to 99�C for 5 min and then 
cooled at room temperature. The prepared samples were resolved by SDS-PAGE with 
4% stacking gel (0.48 ml 40% acrylamide, 0.26 ml 2% bis-acrylamide, 1.26 ml 0.5M 
Tris-HCl, pH 6.8, 0.1 ml 10% SDS, 2.92 ml double distilled water, 0.1 ml 10% 
ammonium persulfate and 10 |LI1 T E M E D [N,N,N',N'-tetramethylethylenediamine]) 
and 12% separating gel (2.92 ml 40% acrylamide, 1.6 ml 2% bis-acrylamide, 2.5 ml 
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1.5 M Tris-HCl, pH 8.8, 0.1 ml 10% SDS, 0.1 ml 10% ammonium persulfate and 10 
|Lil TEMED). 
Two different molecular weight markers were employed for the SDS-PAGE. The 
Kaleidoscope Prestained Standards (BioRad Cat # 161-0324) was run together with 
the sample at the gel for immunoblot. This set of marker contained myosin (218 kDa), 
p-galactosidase (125 kDa), bovine serum albumin (78 kDa), carbonic anhydrase (44 
kDa), soybean trypsin inhibitor (31.9 kDa), lysozyme (17.5 kDa) and aprotinin (7.7 
kDa). In addition, this marker was prestained with colours, which acted as an indicator 
for protein transfer. Another molecular weight marker was SDS-PAGE Molecular 
Weight Standards (low range, BioRad Cat# 161-0304) which was run together with 
the duplicated gel for staining. This marker contained phosphorylase b (97.4 kDa), 
bovine serum albumin (66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase (39 kDa), 
soybean trypsin inhibitor (21.5 kDa) and lysozyme (14.4 kDa). 
Electrophoresis was performed at constant voltage of 60 volts at the stacking gel. 
The voltage was changed to 150 volts when the tracking dye traveled to about 0.5 cm 
above the separation gel. The running process was in Ix electrode running buffer, pH 
8.3, prepared from lOx stock (576 g glycine, 125.5 g Tris-base and 40 g SDS in 4 1 of 
distilled water). Electrophoresis was terminated when the tracking dye reached to the 
bottom of the separation gel. 
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Two SDS-PAGE gels were prepared each time. One was used for immunoblot 
analysis and the other was analyzed by staining with coomassie brilliant blue solution. 
The staining solution contained 0.1% of coomassie brilliant blue G-250 (Bio-Rad) in 
40% methanol / 10% glacial acetic acid. The gel was stained in Coomassie blue 
solution for 30 min and destained in destaining solution (40% methanol and 10% 
glacial acetic acid) overnight. The destained gel was washed with 5% glycerol distilled 
water and dried by using a slab gel dryer (Savant, SGD2000). 
3.2.6 Immunoblotting 
The proteins separated by SDS-PAGE were transferred to a nitrocellulose 
membrane (Trans-Blot Transfer Medium, Pure nitrocellulose membrane [Bio-Rad 
162-0145]) using a Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad). All the 
instruments and materials including the foam sponges, nitrocellulose membrane and 
the gel were soaked in the transfer buffer (12.12 g Tris-Base, 57.6 g glycine, 800 ml 
methanol and 3.2 1 distilled water, total =-4 1) for 15 min before the electrophoretic 
transfer. 
The conditions of the protein transfer were 200 mA/70 volts for 1.5 h at 4°C in 
transfer buffer. Low temperature was maintained by using a bio-ice cooling unit to 
avoid over-heating. After the transfer was completed, Ponceau S solution (Sigma) was 
used to stain the membrane in order to check the efficiency of protein transfer. 
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3.2.7 Immunological detection of IgE binding proteins 
The transferred membrane was cut into small strips of about 2-3 mm in width. 
Each strip was then incubated into different serum samples. First, the strips were 
blocked by blocking buffer (5% non-fat milk in Phosphate Buffered Saline with 2% 
Tween-20 [PBST]) for about 30 min at room temperature with gentle shaking. 
Blocking procedure was needed to prevent the non-specific antibody binding. After 
blocking, the strips were washed with PBST twice for 5 min. The strips were then 
incubated in 1:20 human sera diluted with 5% PBST non-fat milk overnight. To wash 
away the non-binding antibodies, the strips were washed by PBST three times for 10 
min with gentle shaking. 
Bound IgE was detected by '^^I-labelled anti-human IgE (Sanofi-Pasteur, Ohaska, 
MN). After the incubation of human sera and the washing procedures, the strips were 
incubated in 1:20 secondary antibodies，diluted with 3% PBS milk, overnight. Then, 
the strips were washed again with PBST three times for 10 min each time. For signal 
detection, the strips were aligned on a filter paper and exposed on Bio-max Ultra-
sensitive X-ray film (Kodak) inside X-ray film cassettes. A luminescent tape was used 
for orientations. Positive signals appeared dark in color on the X-ray film. 
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3.2.8 Controlling of riboniicleasc (RNase) activity 
Before the extraction of RNA, glassware, scissors and the probe of the 
homogenizer were treated with 0.1% diethylpyrocarbonate (DEPC) in distilled water 
overnight at room temperature. DEPC, a strong inhibitor of RNase, was removed by 
autoclaving for 20 min. The DEPC treated water was used during the whole process of 
RNA isolation such as resuspension and dilution of RNA. In addition, RNase 
contamination was also minimized by using RNase-AWAY (Life Technology Cat# 
10328-011) solution to clean the working areas and micropipettes. Disposable gloves 
were worn and changed frequently to minimize the contamination of RNase. 
3.2.9 Isolation of total RNA 
Total RNA from the octopus Octopus luteus was isolated by using the TRIzol 
Reagent (Life Technology Cat# 15596) and NucleoSpin RNA Kit (CLONTECH Cat# 
PT3168-1). 
About 0.5 g of fresh muscle tissue was collected from the arm of the live 
octopus. The tissue was homogenized immediately in 5 ml TRIzol Reagent by using 
the Polytron homogenizer for 2-3 min on ice. The tube containing TRIzol Reagent was 
placed on ice in order to keep the temperature low during homogenizing. After the 
tissue was completely homogenized, 1 ml chloroform was added. The sample tubes 
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were capped and shaken vigorously by hand for 15 sec. The tubes were then incubated 
at room temperature for 3 min and the samples were divided into five 1.5-ml DEPC-
treated eppendorf tubes. The samples were then centrifuged at 12,000 g for 15 min at 
4°C. After the centrifugation, the upper aqueous phase containing RNA was 
transferred to fresh tubes. To precipitate RNA pellets, 0.1 ml of isopropyl alcohol was 
added to each tube, and the mixtures were incubated at room temperature for 10 min. 
The mixtures were then centrifuged again at 12,000 xg for 10 min at 4°C. The 
supernatant was removed and the RNA pellets at the bottom of the tubes were 
collected for further procedures. 
The RNA pellets collected from the treatment of TRIzol Reagent was further 
purified using Nucleospin RNA Kit (QIAGEN). The protocol of NucleoSpin User 
Manual VI (B) was followed. In this kit, NucleoSpin columns were used as the major 
step for preparation of good quality RNA. EtBr agarose gel electrophoresis was used 
to check both the quality and quantity of the RNA samples. The remaining RNA 
samples were stored in the —80°C freezer until use. 
3.2.10 Construction of cDNA library 
The expression cDNA library was constructed by employing the SMART PGR 
cDNA Library Construction Kit (CLONTECH Cat# PT 3000-1). The procedures of 
the User Manual were followed. 
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3.2.10.1 Synthesis of first-strand cDNA 
2 |Lil total RNA extracted from Octopus luteus was mixed with 1 |LI1 
oligonucleotide, 1 [il CDS/3' PGR primer and 1 |LI1 deionized water (provided in the 
kit) and incubated at 72°C for 2 min. The mixture was then cooled on ice and mixed 
with 2 |Lil 5x first-strand buffer, 1 DTT (20 mM), 1 i^l dNTP mix (10 mM) and 1 jul 
reverse transcriptase (200 units/|Lil). This 10 jul mixture was then incubated at 42°C for 
1 h. The first strand cDNA synthesis reaction was terminated by putting the tube on 
ice. 
3.2.10.2 Amplification ofcDNA by LD-PCR 
The first strand cDNAs were amplified by LD-PCR. 2 |LI1 of first strand cDNA 
was mixed with 80 i^l deionized water, 10 ill lOx PGR buffer, 2 jul dNTP mix, 2 i^l 
5'PCR primer, 2 i^l CDS/3' PGR primer and 2 i^l 50x polymerase mix. The PGR 
thermal cycler was preheated to 95°C before the reaction. The conditions of the LD-
PCR were 95�C for 1 min, 25 cycles of 95�C for 15 sec and 68�C for 5 min. The PGR 
products were analyzed on a 1.1 % agarose/EtBr gel. 
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3.2.10.3 Polishing of ds cDNA 
To terminate the LD-PCR reaction, 2 |ul of proteinase K (20 |Lig/^l) was added to 
inactivate the DNA polymerase. The mixture was incubated at 45°C for 1 h. The 
proteinase K was then inactivated by applying 90°C for 10 min. Then, 3 of T4 DNA 
polymerase (15 units) was added to the mixture and incubated at 16�C for 30 min. The 
mixture was then heated to 72�C for 10 min. For precipitation, 27.5 |LI1 of 4M 
ammonium acetate and 210 |LI1 of 95% ethanol were added, and the mixture was 
centrifuged at 14,000 g for 20 min at room temperature. The pellets formed were 
washed with 75% ethanol and then air-dried. Finally, 16 |LI1 of deionized water was 
used to resuspend the cDNA pellets. 
3.2.10.4 Ligation of adaptor 
The resuspended ds cDNAs were ligated with EcoRi-Not \-Sal I adaptors (50 |LIM) 
that was provided by the kit. The structure of the adaptor was as follows: 




7 of adaptor was mixed with the resuspended ds cDNA (16 |LI1), 3 \il ATP (10 mM) 
and l^il of T4 DNA ligase (400 units/^il). The mixture was incubated at 16°C 
overnight. 
After the ligation, the procedures of cDNA purification in User Manual provided 
were followed. The final volume of the adaptor-ligated cDNA was 21 ]i\. 
3.2.10.5 Phosphorylation of Adapor-ligated cDNA 
Phosphorylation was needed in order to enhance the efficiency of the ligation. 21 
|Lil of resuspended cDNA was mixed with 3 lOx ligation buffer, 3 \i\ ATP (10 mM) 
and 3 |ji T4 polynucleotide kinase (10 units/)j,l). A mixture of 30 |LI1 in volume was 
obtained. The conditions of the reaction were 37°C for 30 min. Then, 2 }A of 0.2 M 
EDTA was used to terminate the reaction at 72°C for 15 min. The cDNA at this stage 
was ready for the size fractionation. 
3.2.10.6 Size fractionation of cDNA 
Size fractionation was a critical step that could affect the quality of the library. 
The cDNA size fractionation columns were used to remove small (<0.4 kDa) DNA 
fragments, unligated adaptors, unincorporated nucleotides, adaptor-dimers, and 
primer-dimers from the ds cDNA. 
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Based on the User Manual provided with the kit, the cDNA suitable for library 
construction are typically eluted in fractions 6-11 (210 to 385 ^1). In order to ensure 
the quality of the cDNA fractions obtained, the sizes of the cDNA fragments from 
fractions 1-5 and fraction 12 onward were analyzed by 1.1% agarose/EtBr gel. As the 
these fractions to contain DNA were shown <400 bp, the fractions 6-11 were pooled 
together for ligation. 
3.2.10.7 Ligation ofcDNA to vector 
The cDNA was ligated to the 五coRI-digested, dephosphorylated 入gtll vector 
(provided with the kit). Three reactions with different ratios of cDNA and vector were 
carried out as shown on Table 3.2. Ligation reaction 2 gave the best result and was 
used for cDNA library construction. Reactions 2 contained 1 jul of cDNA was mixed 
with 1 lul of vector (500 ng/jid), 0.5 |il lOX ligation buffer, 0.5 jul ATP (10 mM), 0.5 \il 
T4 DNA ligase and 1.5 |LI1 deionized water. The ligation reaction was allow to proceed 
at 16°C overnight. 
3.2.10.8 Packaging of plasmids to bacteriophage 
After the ligation of cDNA into vectors, the ligated cDNA was packed into 
bacteriophage in order to construct an expression library. The Gigapack III Gold 
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Table 3.2 List of different ratios of vector : cDNA in three 
ligation reactions. 
Component Ligation 1 (|il) Ligation 2 (|il) Ligation 3 (jul) 
cDNA LO L5 
Vectors (500ng/|Lil) LO LO LO 
lOX ligation buffer Ks 
ATP (lOmM) 
T4 DNA l i g a s e K s Ks 
Deniozed H2O L5 LO 
T ^ 5 5 5 
Vector: £c6>Rl-digested, dephosphorylated X phage vector (入gt 11) 
Temperature: 16 °C 
Duration: more than 12 h 
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Packaging Extract (Stratagene Cat# 200201) was used in the packaging process. This 
extract was stored at -80°C freezer until use. Before packaging, the packaging extract 
was defrosted on ice. Then 2 jul of cDNA was added to the extract and incubated at 
room temperature for not more than 90 min. 
3.2.10.9 Titration of the packaging reaction 
This step was to check the percentage of successful packaging. Single colony of 
host strain E. coli Y1090r- was cultured in LB with 10 mM MgS04 and 0.2% maltose 
overnight until OD600 reached 2.0. The packed extract was diluted with SM buffer (5.8 
g NaCl, 2.0 g MgS04, 50 ml IM Tris-HCl [pH7.5] and 5 ml 2% gelatin in 1 liter 
distilled water) into 1:10, 1:100 and 1:1000 respectively. 1 jul of diluted phage was 
mixed with 200 |LI1 of Y1090r- overnight culture, and the phage was allowed to adsorb 
host cells at 37°C for 20 min. Then 2-3 ml of LB top agar (0.7% agar in LB broth) was 
added to the mixture and poured on the top of 90 mm LB/MgS04 plates. When the top 
agar solidified, the plates were placed at 42�C overnight. 
The titer of the packaging (pfu/ml) could be counted by using the following 
equation: pfu/ml = no. of plaques X dilution factor X 10^  …/ml 
|Lil of diluted phage plated 
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A cDNA library having around 1X10^ independent clones per ml is considered to be 
a representative library. 
3.2.10.10 Amplification of the cDNA library 
The library was amplified when the number of independent clones was 
acceptable. Before the amplification, single colony of E. coli Y1090r- was isolated and 
grown in 10 ml of LB/amp/MgSO4/maltose broth at 37°C overnight. Around Ix 10^  
phages were mixed with the Y1090r- culture for each 150 mm LB/MgS04 plate. For 
this amplification step, 20 LB Agar plates were used. The mixtures were placed at 
37°C for 20 min. Then, 7 ml of melted LB/MgS04 top agar was added to the 
phage/Y1090r- mixture, which was poured onto the plates immediately. After the top 
agar was cooled, the plates were placed at 42°C overnight. After the plaques formed 
on the plates and the plates became confluent, 12 ml of Ix SM buffer was added to 
each plate. The plates were then stored at 4°C overnight with continuously shaking. 
The SM buffer was collected in the following day. The cell debris in the phage lysate 
was cleared by adding 2 ml of chloroform and then mixed. The mixture was 
centrifuged at 5,000 xg for 10 min. The clear supernatant was collected and transferred 
to a fresh tube. The amplified library was then titered again with the same procedures 
as in Section 3.2.10.8. If the library contains 1 x lO'�recombinant clones per ml with a 
percentage of successful recombination of 75%, a representative cDNA library was 
obtained. 
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3.2.11 Immunoscreening of octopus cDNA library 
Before performing the immunoscreening, a single colony of the host strain E. coli 
Y1090r- was cultured overnight in LB broth at 37°C. About 5x10^ plaques forming 
units from the phage library were mixed with 400 Y1090r- culture. The mixture was 
then incubated at 37°C for 20 min. The phageA& coli mixture was mixed with 7 ml LB 
top agar by inverting the tube several times, and the mixture was poured onto a 150-
mm LB plate. After the top agar solidified, the plates were incubated at 42°C until the 
plaques appeared (around 6-8 h). During incubation period, a nitrocellulose membrane 
(0.45 i^ m, 132 mm) was prepared by soaking in 10 mM IPTG and drying on tissue 
papers. The membrane was labeled using pencil and then placed on the plate surface 
and incubated at 37°C overnight. After incubation, the plate was cooled at 4°C for 1 h 
to prevent the sticking of soft-top agar to the membrane. Before the removal of 
membrane, at least three orientation marks were made on the membrane by using 
black ink and a needle. 
The membrane was washed with PBST twice for 5 min. Then, the membrane was 
blocked in blocking buffer (3% PBS non-fat milk, pH 7) in order to block the non-
specific protein binding sites. The blocking step required about 1 h at room 
temperature with gentle shaking. After blocking, the membrane was incubated with 
1:20 diluted pooled sera overnight. The sera, confirmed with IgE-binding reactivity to 
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octopus extract, were diluted with 3% PBS milk, pH 7. After incubated with the 
pooled sera, the membrane was washed with PBST three times with 10 min each. The 
membrane was then incubated with 1:10 diluted ^^^I-labelled anti-human IgE 
overnight. This secondary antibody was diluted with 3% PBS milk, pH 7. After 
incubation, the membranes were again washed with PBST three times each for 10 min. 
The specific IgE binding proteins on the nitrocellulose membranes were detected 
by the Bio-Max Ultra-Sensitive X-ray film (Kodak). The washed membrane was 
firstly dried on tissue papers and placed on a filter paper with size similar to the X-ray 
film. The membrane was then covered with Saran Wrap and was exposed to the X-ray 
film inside a X-ray film cassette. The cassette was placed at -80°C for 2-3 days. The 
signals were developed and fixed in Kodak GBX developer and GBX fixer. The 
positive signals appeared as dark spots on the translucent film. A luminescent tape was 
employed for orientation for finding of the positive clone from LB plate. 
The X-ray film was then aligned with the membrane according to the position of 
the ink marks and the luminescent tape. Then, the clones from LB agar plate were 
traced. Phage clones were isolated by picking with autoclaved toothpick or pipette tip. 
The phages from the agar were eluted by incubating the agar in Ix SM buffer at 4°C 
for at least 4 h. The eluted phages were then titered and purified by following the 
immunoscreening procedures described above (section 3.2.11). To purify the clones, 
the procedures had to be repeated for at least four to five times. 
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3.2.12 Extraction of phage DNA 
To extract the DNA from bacteriophage, the Lambda Maxi Kit (QIAGEN) was 
used. The phage clone was firstly amplified by following the procedures previously 
described (Section 3.2.10.9). The amplified liquid culture of the phage clone was 
subjected to plasmid DNA extraction. The 入DNA extraction procedures on the 
QIAGEN Lambda Handbook were followed. 250 ml of liquid culture was collected 
from 25 LB agar plates (150-mm). The extraction procedures involved lysis and 
precepitation of phage. After precipitation, the phage protein was denatured in high 
temperature (70°C) and SDS. Column chromatography and DNA precipitation / 
resuspension were employed to purify the 入DNA. The yield and quality of the plasmid 
DNA was analyzed by agarose gel electrophoresis. 
3.2.13 Purification of cDNA insert from phage plasmid 
The plasmid DNA was cut by the restriction enzyme EcoKl at 37°C in order to 
obtain the cDNA inserts. Agarose gel electrophoresis was used to separate the cDNA 
inserts from the phage plasmid based on their molecular weights. 
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To purify cDNA, the Gel purification Kit (QIAGEN) was employed. This gel 
purification process involved cutting of the DNA band on the agarose gel after 
electrophoresis. The cDNA band was cut by using a clean blade and melted at 55°C 
for 10 min (in the buffer provided in the kit). By using spin column chromatography, 
the pure cDNA was extracted from agarose gel. 
3.2.14 cDNA cloning and protein expression 
The purified DNA was cloned into cloning vector pUC-18 (Pharmacia) and 
expression vector system pGEX-4T-l,2,3 (Pharmacia), respectively. These vectors 
were firstly digested with EcoRI before ligation. To ligate the DNA insert onto the 
vectors, 1 i^l DNA was ligated with 1 )LI1 of vector at 16�C (in 1 jul lOx ligation buffer, 
1 1^1 T4 ligase, 1 jul ATP and 5 of ddmo) overnight. 
The ligated DNA was transformed into competent E. coli cells for both 
nucleotide sequencing analysis and protein expression. To amplify the cDNA for 
nucleotide sequencing, the pUC-18 vector was transformed into Epicurian Coli 
SoloPack Gold Supercompetent Cells (Stratagene). The transformation procedures in 
the protocol of the instruction manual provided by the manufacturer were followed. 
The transformation process involved a heat shock (54°C) for 1 min. After the heat 
shock procedure, the transformed cells were subjected to a blue-white color screening 
on a LB agar plate with amplicilin, 10 mM IPTG and 100 |LI1 of X-gal. White color 
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colonies were selected and grown in LB/Ampicillin broth overnight. The cultured cells 
were then harvested next day, and the plasmid DNA was extracted by using QIAprep 
Spin Miniprep Kit (QIAGEN). This kit was used to extract plasmid DNA from 
bacterial cells. The inserted cDNA was obtained by digesting the plasmid DNA with 
the restriction enzyme 
For protein expression, the DNA was cloned into pGEX 4T-1,2,3 expression 
system (Pharmacia). In this system, proteins would be expressed from three different 
reading frames, frames 1, 2 and 3. The conditions and procedures of ligation and 
transformation were same as those for nucleotide sequencing analysis. After the 
transformation, the cells were grown on a LB/Amp agar (30 jug/ml) plate at 37°C 
overnight. The competent cells with transformed DNA were selected by ampicillin and 
formed colonies on the LB/Amp plates. Bacterial colonies were isolated, transferred 
and grown on a nitrocellulose membrane on the surface of a LB/Amp agar plate by 
using autoclaved pipette tips. Around 20-30 clones per reading flame were selected 
and grown on the nitrocellulose membrane overnight. After formation of colonies, the 
membrane was transferred to another LB agar plate with 10 mM IPTG for 4-5 h. After 
the induction by IPTG, the membrane was incubated into a glass box saturated with 
chloroform vapour for 15 min for cell lysis. When the cells were lysed, the expressed 
protein in the cells was then stuck on the filter. By using 2% Tween-20 Tris buffer 
saline (TTBS)，the cells debris were washed and then immunoblot procedures (Section 
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3.2.6) were carried out. Those clones expressed allergens with IgE binding reactivity 
was detected by autoradiography. 
3.2.15. Nucleotide sequencing analysis of DNA 
The DNA cloned into vector pUC-18 was used for nucleotide sequencing 
analysis. By using the Ml3 Universal Sequencing primer and Ml3 Reverse sequence 
primer (Pharmacia), the DNA inserted into pUC-18 vector was amplified. The 
amplified DNA was used for DNA sequencing analysis. For DNA sequencing, the 
Dye Terminator Cycle Sequencing Ready Reaction Kit (ABI PRISM, Perkia-Elmer) 
was used. The cycle sequencing reaction consisted of 8 |LI1 of terminator ready reaction 
mix, 10-30 ng/|Lil of plasmid template, 1 \i\ of M13 or M13 reverse primer, and ddHiO 
was added to a final volume 20 |uL The product was collected using ethanol 
precipitation. The pellets were then vacuum dried, resuspended, and analyzed by ABI 
310 Genetic Analyzer. The DNA sequence was subjected to blast search (blastx) in 
Genbank in order to identify homologous sequences. DNA sequences from other 
mollusks and crustaceans were examined and aligned by using ABI SeqEd v. 1.0.3 and 
Sequencher v. 3.1. Maximum parsimony analysis of the DNA nucleotide and deduced 
protein sequences from other mollusks and crustaceans was conducted by using the 
program PAUP (version 4.0b4a，Swofford 2000). 1000 bootstrap replicates were 
performed to assess the heuristic confidence in the most parsimonious tree generated. 
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3.2.16 Immunoblot analysis of the recombinant allergen 
Immunoblot analysis was performed to identify the size of the recombinant 
protein and its antigenicity. The expression clone was firstly grown in LB/Amp 
medium at 37°C overnight. 10 mM of IPTG was then added to the culture and the 
mixture was incubated at 37°C for 4-5 h with continuously shaking at 250 rpm. After 
IPTG induction, the cells were harvested by centrifuging the culture at 5,000 g for 5 
min in 1.5-ml eppendorf tubes. After centrifugation, the supernatant was discarded and 
50-80 |Lil of 2x loading buffer was added to resuspend the cell pellets. The resuspended 
cells were then heated to 99�C for 5 min to denature the cell protein. For each tube, 10 
|Lil from each sample was transferred to each well of SDS polyacrylamide gel. The 
condition and procedures of electrophoresis and immunodetection were described in 
sections 3.2.5 and 3.2.6. 
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3.3 Results 
3.3.1 Immunoblotting of allergens in cephalopod 
The results of immunoblot analysis of nine cephalopod muscle protein 
extracts against forty-one serum samples are shown in Table 3.3. Only eight serum 
samples showed reactivities to the cephalopod muscle protein extracts and only three 
sera (samples 7, 11 and 31) showed IgE-binding reactivity to all species. In addition, 
multiple allergens with different molecular weights were presented in different 
species. The presence of multiple allergens with different molecular weights against 
one serum sample (sample 7) is shown in Fig. 3.1. The presence of multiple allergens 
is more obvious in octopus and squid samples rather than cuttlefish samples. A 
octopus sample, the octopus Octopus luteus which contained multiple allergen with 
molecular weights 20, 24-37, 40, 45, 50-100 kDa, was chosen for the cDNA cloning of 
cephalopod allergens. 
3.3.2 RNA from octopus 
The quantity and the quality of RNA extracted from the arms of Octopus luteus 
using TRIzol Reagent was analyzed by agarose gel electrophoresis (Fig. 3.2). The 
quality of total RNA was improved by using NucleoSpin RNA Kit (CLONTECH). 
The total RNA after secondary purification showed two major bands which 
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Table 3.3 The results of immunoblotting of the serum samples against the 
cephalopod protein extracts. Only serum samples allergic to the protein 
extracts are shown. Data in boxes represented the molecular weights (kDa) 
of reactive bands developed on X-ray film. 
Serum Samples 
6 7 8 I 9 I 10 I 11 I S 31 
Species 
40 40,100 3 ^ 5 8 5 50,78，85 
Octopus 
luteus 
^ 24,31,68 M ^ 5 5 , 5 8 , 6 2 5 5 , 5 8 , 6 2 , 80 
Octopus 
variabilis 
^ 25,32,76 ^ 62,78 45,62,80 
Octopus 
vulgaris 
29,37 20,29,37 ^ ^ 50,62，78 
Sepia torosa 
45 45 50- 78 
Speioteuthis 
lessoniana 
^ 22-39, 50, 7 0 ^ ^ 3 9 45, 62, 80 
Sepiella 
japonica 
35,45,50,68 40 45,55,62,80 
Loligo 
chinensis 
^ 24,32,38 ^ IS 55,60,70, 80 
Loligo 
oielgoria 












































































































































































































































































































1 2 3 4 5 
Fig. 3.2 Ethidium bromide agarose gel (1.1%) electrophoresis of total RNA extracted 
from the octopus, Octopus luteus. 2 of dissolved RNA from each tube was 
analyzed (lanes 1 to 5). 
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represented 28S and 18S ribosomal RNA and a smear of high molecular weight RNA 
(Fig. 3.3). 
3.3.3 The cDNA library of octopus 
The double stranded cDNA used for library construction was analyzed (Fig. 3.4). 
Double stranded cDNA synthesized from RNA showed molecular weights ranging 
from 500 bp to more than 2,000 bp. The cDNA from lane 2 in Fig. 3.4 was chosen for 
constructing the cDNA library. 
Agarose gel electrophoresis of fractions other than fractions 6-11 were employed 
for checking the efficiency of the fractionation process. These fractions were analyzed 
on EtBr/agarose gel (Fig. 3.5). On gel electrophoresis, small DNA fragments were 
observed in lane 4-7, which are small DNA fragments with molecular weight <400 bp. 
This suggested the column was efficiently in removing unwanted DNA fragments. 
cDNA collected in fractions 5 to 11 was pooled for vector ligation. 
The cDNA was ligated to vectors and transformed into bacteriophage in order to 
construct an unamplified expression cDNA library. A X-gal and IPTG colour selection 
was performed to titer the number and percentage of recombinant clones (Table 3.4). 
The results showed that 94% recombinant plaques in the phage library. The titer of the 





Fig. 3.3 Gel electrophoresis of total RNA from the octopus, Octopus 
luteus. Total RNA was extracted by using TRIzol Reagent followed 
by Nucloespin RNA Kit (QIAGEN). 5 \i\ from total volume 100 pi 
of RNA was analyzed on 1.1 % EtBr/agarose gel. The bands of 18S 
and 28S rRNA were shown.. 
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1 ^ Ladder 1 2 3 4 
翻 
Fig. 3.4 Gel electrophoresis of double stranded cDNA from octopus after 
LD-PCR. Four reactions were performed (lanes 2 to 5) and 5 of 50 
product was analyzed on 1.1% EtBr/agarose gel. A Ikb ladder was run 
together with the double stranded cDNA. 
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M 1 2 3 4 5 6 7 
Fig. 3.5 Gel electrophoresis of DNA fractions other than 6-11 eluted from fractionation 
column. A 1 kb ladder (lane M) was run together. Lane 1 - pooled fractions of 1 to 3. 
Lane 2 - fraction 4. Lane 3 was fraction 5. Lane 4 - fraction 12. Lane 5 - fraction 13. 
Lane 6 - pooled fractions of 14 and 15. Lane 7 _ pooled fractions of 16 and 17. Each 
fraction was about 35 |il in volume. 10 from each sample was analyzed on 1.1% 
EtBr/agarose gel. 
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Table 3.4 Results of titration of three reactions of library. Three unamplified 
libraries were constructed by packing 3 fil of ligation vectors into bacteriophage. 
The libraries were diluted to 1:10，1:100 and 1:1000. The titration of dilutions 
1:100 and 1:1000 are not shown. 
X Dilutions 
1 (from ligation 1) 97.7% 
2 (from ligation 2) 94.0% 
3 (from ligation 3) 97.0% 
R - recombinant clones 
N - Non-recombinant clones 
55 
According to the user manual of the cDNA construction kit (CLONTECH), a 
cDNA library having a pfu/ml around 1x10^ and a percentage of recombinant higher 
than 75% was considered to be good. Therefore, the cDNA library constructed by 
using the ligation reaction 2 was then amplified. 
After the amplification, the library was titered again. The results of titration of 
the amplified library are shown in table 3.4. The pfu/ml of the amplified library was 
found to be 4 X and the percentage of recombination was around 95%. 
3.3.4 Immunoscreening of cDNA library from octopus 
From the results of immunoblotting, three sera samples (samples 7, 11, and 
31) were found to exhibit high reactivity to the protein extract of Octopus luteus. An 
immunoblot was performed to confirm the IgE binding reactivities of these sera (Fig. 
3.6). The reason for choosing these three serum samples was that they all reacted to 
allergens with different molecular weights. 
During the primary screening of the octopus muscle cDNA library of a total 
2.6 X 10^  plaques, twenty-five immunopositive clones were obtained from sixteen 
150-mm plates (Fig. 3.7). To obtain pure clones, three or four times of purification 
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Fig. 3.6 Immunoblot of the protein extract from the octopus, Octopus 
luteus, against the serum samples from shrimp allergy patients. Samples 7, 11 and 
31 were the most reactive sera against cephalopod protein extracts. Allergens with 
molecular weights other than tropomyosins were observed. 
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Fig. 3.7 Immunoscreening of Octopus luteus muscle 
cDNA library. Pooled serum samples 7, 11 and 31 
were used as primary antibody. The ^^^ I-labelled anti-
human IgE was used as secondary antibody. Positive 
signals showed as black color dots on BioMax ultra 
sensitive X-ray film (Kodak). 
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steps were performed. The positive signals from one of clones, clone 4.1, in different 
purification stages on X-ray film are shown in Fig. 3.8. 
Ten purified clones were amplified for DNA extraction, namely clones 1.1, 2.1, 
3.1, 4.1, 10.1, 12.2, 12.3, 14.1, 15.1 and 16.1. The lambda(^) DNA extracted from 
bacteriophage were then digested by the restriction enzyme EcoRI, so that the cDNA 
insert would be excised from the vectors. Electrophoresis of 1.1% EtBr/agarose gel 
was used to separate the cDNA inserts from the 入gtl 1 vector (Fig 3.9 a-d). Nine out 
of ten clones gave two bands on the gel, and one gave a single band (clone 12.2). The 
molecular weights of the smaller size bands were around 500 bp, while the larger 
bands were around 800-900 bp. The DNA fragments were named according to their 
sizes. For example, the smaller DNA fragment from clone 2.1 was named 2.IS and 
the larger fragment was named 2.1L. Since clone 12.2 gave only one DNA band after 
£V6>RI digestion, the only DNA fragment generated from clone 12.2 was named 12.2. 
3.3.5 Nucleotide sequencing determination and analysis 
After gel purification, the DNA fragments were subcloned to cloning vectors for 
nucleotide sequencing. Fourteen fragments were successfully cloned to the vector and 
amplified (Fig 3.10a. b). They were fragments I.IL, 2.1L. 3.IS. 3.1L. 4.IS, 4 .�L, 
lO.lS, 12.2, 14.IS, 14.1L. 15.IS, 15.1L. 16.IS and 16.IL. These DNA fragments were 
then sequenced. 
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Fig. 3.8 Positive signals of clone 4.1 in different 
stages of purification process. The percentage of 
reactive plaques was increasing to around 100% 
in final purification. The signals were developed 
on BioMax Ultra Sensitive X-ray films (BioRad). 
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Fig. 3.9 (a, b, c and d). Agarose gel electrophoresis of EcoRI digested Xgtl 1 
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Fig. 3.10 Agarose gel electrophoresis of purified cDNA fragments from cloning vector. 
Sucessfully subcloned cDNA were obtained from processes DNA extraction from host cells, EcoRl 
digestion, agarose gel eletrophoresis and gel extraction. cDNA obtained after gel extraction were 
analyzed on agarose gel 
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The results of blast search (blastx - blast search by amino acid sequences) 
showing the nucleotide and deduced amino acid sequences of five (fragment 3.IS, 
3.1L, 4.IS, 4.1L and 12.2) of fourteen DNA fragments have high homology to 
tropomyosin of other mollusk species, particularly the oyster Crassostrea virginica 
(AF093290) and Californian red abalone Haliotis rufescens (S38381). However, 
other nine fragments were found to be partial sequences of cloning vectors. 
Clones 3.1 and 4.1 were found to be identical clones when their nucleotide 
sequences were aligned. Therefore, only the data from clone 4.1 were presented. The 
nucleotide and amino acid sequences of fragments 4.1 S, 4.1 L and 12.2 are shown in 
Fig. 3.11. Fragment 4.1L was 574 bp in length coding for 191 amino acids residues. 
Fragment 4.IS has 436 bp in length coding for 144 amino acid residues. Fragment 
12.2 was the shortest fragment that had 310 bp and an open reading frame of 102 
amino acids. 
The nucleotide sequences of fragments 4.IS, 4.1L and 12.2 were aligned with the 
tropomyosin of H. rufescens (Fig. 3.12). Fragment 4.IS, the sequence of which 
represents the N terminus of tropomyosin, has 196 of 272 bp (164 bp was considered 
to be upstream of coding sequence) identical to the sequences of H. rufescens. The 
nucleotide sequence homology is 72%. Fragment 4.1L has 431 out of 574 bp identical 
to the sequence of H. rufescens. The percentage of homology between fragment 4.1L 
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Fig. 3.11 Nucleotide sequences and the deduced 
amino acid sequences of fragments 4.IS, 4.1L and 
12.2. Fragment 4.IS was in reading frame 2. Fragment 
4.1L was in reading frame 3 and fragment 12.2 was in 




T R L R E D D R R G A F S S L F F Y T D R A A L V C 
AGTAGAAAAGTTCTCTTTTTTCTATTCTAGCCTTATCGGTCTTTTGTATTTTCTCTATTACTTTTCTCACAATAACCA 
S R K V L F F L F B P Y R S F V F S L L L F S Q O P 
ACAACTATGGATGCCATCAAAAAGAAGATGTTGGCCATGAAGATGGAGAGGGAGCTTGCCACTGATAAGGCAGAACAA 
T T M D A I K K K M L A M K M E R E L A T D K A E Q 
ACCGATCAAAAATTACGGGATACAGAGGATAACAAGAACAAGTTAGAAGAGGACCTTACTGCTCTGCAGAAGAAGTTT 
T D Q K L R D T E D N K N K L E E D L T A L Q K K F 
TCCAATTTGGAAAATGACTTCGACAACGCAAAAGAACAACTTGCTGAAGCAAACCAGAAGCTTGAGACTTCCGAGAAG 
S N L E N D F D N A K E Q L A E A N Q K L E T S E K 
CGTGTCGGCGAGTGTGAATCCGAAATTGCTGGTCTCAACCGACG 
R V G E C E S E I A G L N R 
Fragment 4.IL 
AGCTTTTGGAGGAAGTCTTGAACGCTCAGAAGAGAGGTTGTCAACTGCCCAGACTAAATTAGACGAGGCATCAAAGGC 
A F G G S L E R S E E R L S T A Q T K L D E A S K A 
TGCAGATGAAAGCGAGAGAGGGCGCAAAGTGTTGGAAAACAGGAGCCAGGGAGATGAAGAACGTATCGACTTACTGGA 
A D E S E R G R K V L E N R S Q G D E E R I D L L E 
GAAGCAATTAGAGGAAGCCAAATGGATTGCTGAAGATGCTGATCGGAAATTTGATGAGGCTGCCCGTAAACTGGCAAT 
K Q L E E A K W I A E D A D R K F D E A A R K L A I 
AACAGAAGTAGACCTTGAGCGTGCTGAAGCCCGTTTAGAGGCTGCAGAAGCGAAAATCGTAGAGTTGGAGGAAGAGTT 
T E V D L E R A E A R L E A A E A K I V E L E E E L 
GAAGGTTGTGGGCAACAATATGAAATCACTGGAGATCAGTGAGCAAGAGGCCTCCCAAAGAGAGGACAGCTACGAAGA 
K V V G N N M K S L E I S E Q E A S Q R E D S Y E E 
AACTATTCGGGATCTGACACACAGATTGAAGGAGGCTGAGAACCGTGCCGCTGAGGCTG7\AAGAACTGTTTCCAAGTT 
T I R D L T H R L K E A E N R A A E A E R T V S K L 
GCAGAAAGAGGTTGACAGACTGGAAGATGAACTGCTTGCTGAAAAGG/YU^GATACAAAGCCATCAGTGATGAGTTGGA 
Q K E V D R L E D E L L A E K E R Y K A I S D E L D 
CCAGACATTTGCAGAATTGGCTGGGTAT 




Y L V P G I S R V D T A A R R P Q K G S S L F F Y K 
GGATCGGGCAGCTCTTGTTTGCAGTAGAAAAGTTCTCTTTTTTCTATTCTAGCCTTATCGGTCTTTTGTATTTTCTCT 
D R A A L V C S R K V L F F L F B P Y R S F V F S L 
ATTACTTTTCTCACAATAACC7Y\CAACTATGGATGCCATCAAAAAGAAGATGTTGGCCATGAAGATGGAGAGGGAGCT 
L L F S Q O P T T M D A I K K K M L A M K M E R E L 
TGCCACTGATAAGGCAGAACAGACCGATCAAAATATTACGGGAGACGATACGATTAGCAGGGGACANTGTTGTCAT 
A T D K A E Q T D Q N I T G D D T I S R G ? C C H 
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i 
Fig. 3.12 Nucleotide sequence alignment of 
fragments 4.IS and 4.1L to the tropomyosin of 
California red abalone, H. rufescens. Dots represent 
the same nucleotide to H. rufescens (Hru). Fragment 
4.IS had 72% and 4.1L had 75% homology in 
nucleotide sequence to tropomyosin in H. rufescens. 
70 
12.2 ACACGGCTGC 






Hru ATGGATGCCA TCAAGAAGAA GATGTTGGCC ATGAAGATGG AGAAGGAAAA TGCTGTGGAC AGGGCCGAAC 
12.2 A G...GCT ...CACT..T .A. . .A.... 
4 . 1 A G...GCT ...CACT..T .A. . .A.. . . 
Hru AGAACGAGCA AAAACTAAGG GATACCGAAG AGCAGAAGGC CAAGATTGAA GAAGATCTGA ACAACCTGCA 
12.2 … C . . . T TA.T. C. 
4.1 . A. C. . . T T..C A. .G. . TA. C . . . AA . . . .T.A G..C..T. CTGCT 
4.1L 
Hru AAAGAAATGC GCAAATTTGG AGAACGACTT CGACAGTGTA AACGAGCAAG TGCAGGTTGC CATGGCCAAG 
4.1 G G.TT T.C A. .T AC . C . . .A. .A. . .C .TGCT.AA. . A.ACCAG... 
Hru TTGGAAACTT CCGAGAAGAG AGTGACAGAG ATGGAACAAG AGGTGAGTGG AACCACCAGA AAGATCACAC 
4 . 1 C.T..G C. T..CGGC... TGT. . .TCC. .AA.TGC. . . TCTC.A.C. . CG .G 
• M 
Hru TGCTGGAGGA AGACCTGGAG AGGAACGAGG AGAGGCTTCA GACTGCCACA GAGAGACTCG AGGAGGCATC 
4.1 CTT.T.GA.G . AGT . .T. .A C.CTCA. .A T . GTC A CAG ACT. A. T.A 
Hru CAAACTGCCA GATGAGAGTG AGAGAGGCGC AAGGGTGCTT GAGAGCAGGA GTCTTGCTGA TGATGAAAGG 
4.1 A. .GGCTG A. .C GCGC.AA...T.G . .A.A C . AG . GA A...C.T 
“ 4 IS 
Hru ATAGATCAGT TGGAAGCTCA ACTTAAAGAG GCTAAATACA TTGCAGAAGA TGCTGAGCGC AAATATGATG 
4.1 . . C. . CTTAC .... GAAG .. . T . AG . G . .A ..C....GG T T..G . . . .T 
Hru AGGCTGCCCG TAAACTCGCG ATCACAGAGG TTGACCTTGA ACGTGCAGAG GCTCGTCCTA AGGCCGCAGA 
4 . 1 G. .A . .A A. .A G T. .A . . C . . . TTAG … . T 
Hru AGCGAAGATT CTCGAGCTTG AGGAGGAGTT GAAGGTTGTG GGCAACAATA CGAAATCACT GGAAATCAGT 
4.1 A. . C G.A. . .T.G A T G 
Hru GAACAAGAGG CATCTCAGAG GGAGGACAGC TACGAGGAGA CCATCCGGGA CCTGACACAG AGACTCAAGG 
4.1 ..G C..C..A.. A A. .A. .T. .T T C . . .T.G.... 
Hru ACGCTGAGAA CCGGGCAACT GAGGCTGAAA GAACTGTTTC CAAATTGCAA AAGGAAGTCG ACAGACTTGA 
4.1 .G T. .CG G G . .A. .G. .T G.. 
Hru AGATGAGCTG CTTGCCGAGA AGGAGAAGTA CAAGGCCATT AGTGACGAGC TCGACCAGAC TTTCGCGGAG 
4.1 A T. .A A.GA A C T...T .G A. .T. .A. .A 
Hru TTGGCTGGTT AT “ ~ “ 
4 1 C, 
^ • - i - v j j _ •警 
• 
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and nucleotide sequence of H. rufescens is 75%. The allergen (clone 4.1) isolated 
from the octopus, Octopus luteus, is designated as Oct I I (Marsh et al. 1998). The 
fragment 12.2, which locates at the N terminus of tropomyosin sequence, is a partial 
fragment of Oct 11 with only amino acid residue located at residue-28 different from 
clone 4.1. At the same time, fragment 12.2 consisted of 72 of 90 nucleotides identical 
to H. rufescens. 
The amino acid sequences of these three fragments were aligned with the 
tropomyosin in Californian red abalone H. rufescens in Fig. 3.13. The amino acid 
sequence of fragments 4.IS, 4.1L and 12.2 have 68% (upstream sequence of coding 
gene was not counted), 84% and 67% homologies to the sequence of H. rufescens, 
respectively. 
By comparing the complete coding cDNA sequences of tropomyosins of 
Octopus luteus to those of other thirteen mollusks from the GenBank database (Table 
3.5, see legend of Fig. 3.14 for the species names and GenBank accession numbers), 
the percent identity of nucleotide and amino acid sequence ranged from 67.0 to 
79.8% and 75.7 to 90% respectively. The percent identity of amino acid sequences 
was usually higher than nucleotide sequences among mollusks because of the 
presence of synonymous substitutions. To compare the nucleotide and amino acid 
sequences to those of five crustaceans, the percent identity are ranges from 65.0 to 
66.2% and 68.6 to 69.3%. The results indicated that tropomyosins are more similar 
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Fig. 3.13 Aligment of amino acid sequences of 
fragment 4.IS, 4.1L and 12.2 were aligned with 
the tropomyosin in California red abalone, 
Halitolis rufescens (Hru). Tropomyosin in H. 
refescens has a complete sequence with 852 bp 
which encodes for 284 amino acid. Fragments 
4.IS, 4.1L and 12.2 are partial sequences. Dots 
represented the same amino acid residues. 
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within mollusk species than to crustaceans. The aligned amino acid sequences of 
tropomyosins from different mollusks (included Oct 11) and crustaceans is shown in 
Fig. 3.14. 
The inferred phylogenetic relationships between different mollusk species using 
tropomyosin as the molecular marker was constructed (Fig. 3.15, see legend in Fig. 
3.14 for species names and GenBank accession no.). Different species included four 
gastropods, eight bivalves and one cephalopod, with the trematode Schistosoma 
mansoni (Sma 1, M97555, Sma 2, M27512) as an outgroup taxon. The maximum 
parsimony analyses based on the nucleotide and amino acid sequences of 
tropomyosins resolve similar phylogenetic pattern. Cephalopods, bivalves and 
gastropods are separated into three distinct groups based on the amino acid 
sequences, while nucleotide sequences cannot resolve the same three groups. This is 
possible because nucleotide substitutions have reached saturation between different 
classes. 
3.3.6 Protein expression of Oct 11 
The fragments 4.IS and 4.1L were subcloned into expression vectors with 
reading frame 1, 2 and 3 respectively. After IPTG induced protein expression, the 
results of dot blot analysis are shown in Fig. 3.16. The results showed that allergen of 
fragment 4.IS was expressed in frame 2 and allergen of fragment 4.1L was expressed 
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Fig. 3.14 Alignment of derived tropomyosin amino acid 
sequences from Octopus luteus (Olu, present study), 
Crassostrea gigas (Cgi), C. virginica (Cvi), Mytilus 
edulis (Med, U40035), M. galloprovincialis (Mga, 
AB000907)，Perna viridis (Pvi), Chlamys nipponensis 
(Cni, Ab021681), Chlamys nohilis (Cno), Patinopecten 
yessoensis (Pye, AB000907), Haliotis rufescens (Hru, 
GenBank accession no. X75218), Haliotis diversicolor 
(Hdi), Biomphalaria glabrata (Bgl 1, M85199, Bgl 2, 
M97554；, Helix aspersa (Has, Y14855), Metapenaeus 
ensis (Men, U08008), Homarus americanus (Ham f, 
AF034954, Ham s, AF034953), Panulirus stimpsoni (Pst, 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 3.15 Phylogenetic tree of mollusk species based on 
nucleotide and amino acid sequences of tropomyosin. One 
cephalopod {Octopus luteus), four gastropods {Haliotis 
rufescens, H. diversicolor, Biomphalaria glarata 1 and 2, 
Helix aspersd), and eight bivalves {Crassostrea gigas, C. 
virginica, Mytilus edulis, M. galloprovincialis, Perna viridis, 
Chlamys nobilis, C. nipponensis and Patinopecten yessoensis) 
were included with Schistosoma mansoni (1 and 2) as 
outgroup taxon. The GenBank accession numbers are listed in 
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Fig. 3.16 Dot blotting of expressed protein from the fragments 4.1S and 4.1L. The 
pGEX 4T-1, 2 ,3 expression system (Phamacia) was used. Fragments were subcloned 
to expression vectors with reading frames 1, 2 and 3. The vectors were transformed 
into competent cells for IPTG induced protein expression. Competent cells were 
grown and lysed on the nitrocellulose membrane. Immunodetection of allergen was 
done on the blot. Signals were detected on X-ray films. 
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in frame 3. The recombinant proteins expressed from other flames have no positive 
signals after the dot blot analysis, so they were negative controls of the experiment. 
3.3.7 Immunoblot analysis of recombinant tropomyosin from octopus 
Commassie blue stained SDS-PAGE of expressed clone 4.IS and 4.1L is 
shown in Fig.3.17. A 55 kDa protein band was expressed from clone 4.1L. Since a 
26-kDa fusion protein glutathione S-transferase was attached to the allergen, the size 
of the allergen was 29 kDa. A 39-kDa protein band was expressed from clone 4.IS 
and a 26-kDa fusion protein was attached. The molecular size of the allergen was 13 
kDa. The proteins were transferred to nitrocellulose membrane for immunoblot 
analysis. Protein band from clone 4.1L showed immunoreactivity to seafood allergic 
sera, while the one from 4.IS did not (Fig. 3.18). 
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Fig. 3.17 Commassie blue stained SDS-PAGE of 
expression clones 4.IS and 4.1L. Two clones were 
analyzed on separated gels, (a) The molecular marker 
was run together with the protein samples. Lane 1 
was molecular marker. Lane 2 - uninduced clone 
4.IS. Lane 3 - induced clone 4.IS. Lane 4 and 5 - the 
duplication of lane 2 and 3. (b) Lane 1 - the molecular 
marker. Lane 2 - uninduced 4.1L. Lane 3 - induced 
4.1L. Lanes 4 and 5 - the duplication of lane 2 and 3. 
Letter ‘M, represents the molecular marker, ‘U, 
represents uninduced clone and T represents induced 
clone. 
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Fig. 3.18 Immunoblot analysis of expressed recombinant proteins from clone 4.IS 
and 4.1L. The signals were developed on the BioMax Ultra Sensitive X-ray film 
(BioRad). Lane 1 - uninduced vector only control. Lane 2 - induced vector only 
control. Lane 1- Uninduced pGEX only control Lane 2- Induced pGEX only 
control. Lane 3- Uninduced clone 4.1L (#1). Lane 4- Induced clone 4.1L (#1). Lane 
5- Uninduced clone 4.1L (#2). Lane 6- Induced clone 4.1 (#2). Lane 7- Uninduced 
clone 4.IS (#1). Lane 8: Induced clone 4.IS (#l).Lane 9: Uninduced clone 4.IS 
(#2). Lane 10: Induced clone 4.IS (#2) 
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3.4 Discussion 
There are no reports for the comparison of prevalence between shrimp and 
cephalopod allergies. The results of present immunoblot study indicated the different 
prevalence between patients suffering from shrimp allergy only and from both shrimp 
and cephalopod allergy. Among forty-one serum samples from patients with shrimp 
allergy, only sera from 8 patients showed IgE binding reactivities to protein extracts 
from cephalopods. In other words, about 19% of shrimp allergic patients also exhibit 
the hypersensitivity to cephalopods. This situation may due to the dietary habit of 
people. In most places, shrimp is a more common food choice over other shellfish 
(including cephalopod species). Since exposure is the principal factor to the 
development of any food allergy (O'Neil and Lehrer 1995; Hefle 1996; Sampson and 
Burks 1996), it is not surprising that the number of patients allergic both to shrimp 
and cephalopods is lower than that of suffering from shrimp allergy only. 
The present immunoblotting studies demonstrated the existence of multiple 
allergens with different molecular weights in different cephalopod species. A single 
series of serum samples reacted to allergens with different molecular weight in 
different cephalopod species. This also confirms the results of the immunoblotting 
study by Leung et al. (1996) that minor allergens with molecular weights different 
from tropomyosin are present in cephalopods. Leung et al, (1996) demonstrated the 
presence of 38 kDa, 49 kDa and higher molecular weight IgE reactive bands in squid 
and octopus. 
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Miyazawa et al (1996) reported that the major allergen {Tod p I) in the squid 
Todarodes pacificus is tropomyosin. This was the only study of isolation and 
identification of allergens in cephalopods. The present immunoblot studies 
demonstrated the existence of major allergens with molecular weights around 37 to 40 
kDa and some minor allergens with molecular weights ranging from 10 to 100 kDa 
(table 3.2). The present study also showed that some serum samples such as samples 
7, 11 and 31 reacted stronger than other serum samples to protein extracts in all 
cephalopods studied. These sera also reacted to high molecular weight allergens in 
most of protein extracts. On the other hand, the allergens with molecular weight other 
than tropomyosins were more likely existed in octopuses and squids rather than in 
cuttlefishes. These allergens were suspected to be some minor allergens other than 
shellfish tropomyosins, or the isoforms of tropomyosins. Therefore, octopus and squid 
were more preferable to be used in the cDNA cloning of different allergens in 
cephalopods. For this reason, the octopus Octopus luteus was used for cDNA cloning 
of allergens in the present study. 
For cDNA cloning of octopus allergens, the extraction of high quality RNA from 
muscle tissue was a great problem. This may be a reason for lacking of studies on 
allergens in cephalopod using cDNA cloning techniques. The RNA extraction 
reagents and kits that are often used for RNA extraction were unable to extract good 
quality RNA from octopus, except when used together. Total RNA extracted using 
Trizol Reagent (Life Technology) showed agglutination on EtBr/agarose gel 
electrophoresis (Fig. 3.1). The RNA extracted by using Trizol Reagent involved the 
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precipitation of RNA pellets. However, if there were too much protein in muscle 
tissue, the protein would attach to RNA and then precipitate together with the RNA. 
Therefore, the RNA would be impure and these protein particles would act as the 
inhibitors for further steps of cDNA cloning such as RT-PCR and LD-PCR. On the 
other hand, by using Nucleospin RNA kit (CLONTECH) only, no RNA was obtained. 
The RNA purification process of the kit involved column chromatography. In normal 
situation, RNA would attach to the beads inside the column and eluted out of the 
column when the elution buffer was added. If the RNA was attached with protein 
particles, the RNA/protein particles might be too large to penetrate through the pores 
among the beads inside the column, resulting in no RNA being eluted. The RNA 
extraction process in the present study involved the combination of the Trizol Reagent 
and the Nucleospin RNA kit. Although the double purification process might result in 
the loss of RNA, the quality of RNA was improved and suitable for the cDNA cloning 
process after further purification (Fig. 3.2). 
The screening process of the cDNA library was another critical step in the 
experimental part of the study. There are usually two methods, chromogenic and 
autoradiography, for signal detection. To increase the specificity and sensitivity of the 
screening process, the autoradiographic method was chosen. This method involved 
radioactive labelled antibody for signal detection. To enhance the signals, the 
BioMax Ultra sensitive X-ray films (Kodak) were used. These X-ray films shortened 
the time of detection and enhanced the contrast of signals. The screening processes 
were completed in the Division of Rheumatology, Allergy and Clinical Immunology, 
University of California, Davis, because of the well established technique of cDNA 
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library screening using autoradiographic method in the laboratory of Prof. P.S.C. 
Leung. 
To isolate the minor allergen was a difficult process because of the presence of 
the major allergen. The cDNA library screening a random process of isolating 
interested genes. In the present study, the number of cDNA clones of the major 
allergen might be much higher than that of minor allergens, so that the chance of 
isolating the major allergen is much higher. Although ten clones were isolated from 
the screening process, only three of them could be successfully subcloned, namely 
clone 3.1, 4.1 and 12.2. Within these three clones, clones 3.1 and 4.1 were identified 
to be tropomyosin and 12.2 was a partial fragment of tropomyosin. In addition, clones 
3.1 and 4.1 were found to be identical in nucleotide sequences. Therefore, only cDNA 
from clone 4.1 was cloned, expressed and sequenced. Recently, tropomyosin was 
identified to be the major crustacean allergen in shrimp, lobster and crab (Shanti et 
al., 1993; Daul et al., 1994; Leung et al., 1994; 1998a, b). On the other hand, 
allergens from some mollusk including Tur c I from the topshell Turbo cornututs 
(Ishikawa et al., 1998a) and Todp I from the squid Todarodes pacificus (Miyazawas 
et al., 1996) were isolated and identified to be tropomyosin. The allergen isolated in 
the present study was then designated to be the major allergen tropomyosin in the 
octopus Octopus luteus. 
The cDNA of tropomyosin was cloned, sequenced and expressed in the present 
study. Totally ten positive clones isolated and purified from the cDNA library. When 
the ？ D^NA from bacteriophage of these ten clones were digested with E c o ^ 
90 
restriction enzyme, nine formed two DNA bands and one clone formed single DNA 
band. The presence of two DNA bands suggested the existence of an EcoKl restriction 
site inside the isolated cDNA. The smaller DNA fragment is around 400 to 500 bp in 
length while the larger fragment is around 700 to 800 bp. The summation of 
molecular weights of large and small fragment is around 1.1 - 1.3 kb, this is similar to 
the molecular weights of shellfish tropomyosins identified in previous studies. 
Previous studies on shellfish allergens included Met e I (Leung et al. 1994) and Pen a 
I (Daul et al. 1994) in shrimp, Pan s I and Horn a I (Leung et al 1998a) in lobster, 
Chafl (Leung et al. 1998b) in crab, Cra g 2 (Ishikawa et al 1998c) in oyster, Hal d I, 
Chi n I and Per v I (Chu et al 2000) in abalone, scallop and mussel. On the other 
hand, the single DNA band from clone 12.2 has a molecular weight of 400 to 500 bp. 
This size was similar to the smaller DNA fragments from other isolated clones. 
Therefore this was suspected to be the partial fragment of tropomyosin cDNA. 
The present study showed that the recombinant proteins expressed from both 
small and large fragments reacted to sera from shrimp allergic patients (Fig 3.16). 
This suggests that the presence of at least two epitopes in Oct I I. However, the 
protein expressed from the small fragment that represents the N’ terminus of Oct 11 
lost its allergenic property in immunoblotting (Fig 3.18). The loss of IgE binding 
reactivity may be due to change in the conformation of the protein peptide during 
SDS-PAGE electrophoresis. In some cases, antibodies may not recognize the same 
antigen when the tertiary structure of the antigen is changed. 
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Ishikawa et al (1998b) proposed a 14-mer peptide (IQLLEEDMERSEER, 
residues 92-105) as the IgE-binding epitope in the oyster Cra g I and Cra g II 
{Crassostrea gigas). In addition, Ishikawa et al (1998a) proposed six possible 
epitopes in Tur c I (Turbo cornutus) at residues 50-70, 92-118, 153-161, 169-233, 
206-233 and 245-284. A comparison of the amino acid sequences of tropomyosin 
from Octopus luteus and other nine mollusks (Fig. 3.14) shows that the segments 50-
70, 92-118, 153-161 are highly variable. 18 out of 21 residues are polymorphic in 
segment 50-70. 22 out of 29 residues are polymorphic in segment 92-118. 6 out of 9 
residues are polymorphic in segment 153-161. On the other hand, the protein 
sequences of the other three proposed epitopes in Tur c I, segments 169-189, 206-233 
and 245-284, are rather conserved. Among the ten mollusk species, only 4 of the 21 
residues are polymorphic in segment 169-189. 9 out of the 27 residues are 
polymorphic in segment 206-233 and 10 of 40 residues are polymorphic in segment 
245-284. A number of epitopes have also been proposed in shrimp. For example， 
Shanti et al. (1993) proposed two epitopes of Pen i I from the white shrimp Penaeus 
indicus, one at residues 50-66 (MQQLENDLDQVQESLLK) and the other at residues 
153-161 (FLAEEADRK). The 17-mer segment (residues 50-66) is quite conserved 
among crustacean species that only 6 residues are polymorphic. However, when the 
nine mollusk species are included in comparison, the segment is highly polymorphic. 
The 9-mer (residues 153-161) are identical among all crustaceans studied but 6 
residues are polymorphic when mollusk species are also compared. Reese et al. 
(1997) proposed four epitopes in Pen a I from Penaeus aztecus, named E3 at residues 
136-148 (SDEERMDALENQL), E6 at residues 157-169 (EADRKYDEVARKL), E2 
at residues 167-179 (RKLAMVEADLERA) and E4 at residues 262-283 
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(NEKEKYSITDELDQTFSELES). The former three segments are highly conserved 
among crustaceans, but are polymorphic when mollusks are included for comparison. 
The analysis, in certain level, supports the suggestions of distinct IgE-binding 
epitopes between mollusk and crustacean tropomyosins (Ishikawa et al. 1998a, c). 
The present study suggested the presence of one or more epitopes located in 
segment 1-30. The cDNA fragment from clone 12.2 codes for a peptide containing 30 
amino acid residues from residue 1 to 30 (MDAIKKKMLAMKMERELATDKAE 
QTDQKLR) of Oct 11 which can be aligned to the tropomyosins from other mollusks 
and crustaceans. Since clone 12.2 expressed a protein that was immunoreactive to 
shrimp allergic sera during screening and phage purification, the cloned cDNA was 
expected to code for an allergen. This partial fragment overlaps the 15-mer synthetic 
peptide (MDAIKKKMQAMKLEK) from Pen a I at the N terminus which was 
proposed to be an IgE binding epitope (Reese et al. 1999). The amino acid residues 
differed at residues 9, 13 and 15 only. By comparing this segment among mollusk 
species, 4 of 15 residues are polymorphic. When the crustacean species are included, 
the number of polymorphic residues is the same. Therefore, this segment is very 
conserved among mollusks and crustaceans and may be a common epitope of mollusk 
and crustacean allergen. Yet there were no studies that proposed the same epitope in 
other mollusks, including bivalves and gastropods. That means this might not be a 
common epitope in mollusk. These findings support the study by Carrillo et al. (1992) 
that the cross-reactivity could be demonstrated between squid and crustaceans but 
could not be demonstrated between squid and other mollusks. Since squid and 
octopus are in the same class, their tropomyosin might be very conserved. Therefore, 
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the present study on octopus may also apply to squid. The epitope proposed in the 
present study was believed to be a common epitope between cephalopods and 
crustaceans. 
Molecular markers are widely used in phylogenetic analysis after the 
introduction of PCR and automated nucleotide sequencing (Avise, 1994 review). In 
phylogenetic analysis of mollusks, ribosomal and mitochondrial genes are commonly 
used as the molecular markers (Friedman et al. 1998; Winnepenninckx et al. 1998; 
Murayama et al. 1998; Ruiz-Ponte et al. 1998; Canapa et al. 1999; Thollesson 1999; 
Canapa et al. 2000). The ribosomal genes, such as 18S rDNA sequences, have been 
found to be very useful for tracing ancient divergences but not commonly used for 
resolving recent ones. There are not enough useful information contained to resolve 
divergences which took place during the period of less than 40 Myr (Winnepenninckx 
1999). Some mitochondrial genes are employed for resolving lower systematics, such 
as the use of 16S rRNA gene of the mitochondria to determine the genetic relationship 
among populations and genetic diversity within populations (Ross 1999). However, 
the problem is that mitochondrial genes are linked and act as a single, maternally 
inherited locus. Therefore, nuclear genes are considered to provide the additional 
information for phylogenetic analysis in different systematic levels. In the study by 
Chu et al. (2000), tropomyosin sequences were used to resolve the phylogenetic 
relationship among Gastropoda and Bivalvia species. The results showed that the 
cDNA sequence of the tropomyosin from different species appeared to be applicable 
in phylogenetic analysis of the genus and family level and the protein sequences was 
more suitable in resolving higher systematic levels in mollusks such as order and 
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class. The present study supports the suggestion by Chu et al. (2000) that tropomyosin 
could be employed as a molecular marker for phylogenetic study of mollusks. The 
phylogenetic relationship between four gastropods, eight bivalves and one cephalopod 
was resolved based on the cDNA and derived amino acid sequences of their 
tropomyosins. The results showed that the amino acid sequences of tropomyosin are 
more applicable in resolving higher systematics，such as in order or family level in 
mollusk species. 
On the other hand, the existence of different isoforms of tropomyosins in 
mollusks (Ishimoda-Takagi et al 1986; Ishimoda-Takagi and Kobayashi 1987) is a 
problem since the homologous sequences across species might not be obtained (Chu 
et al., 2000). Isolating tropomyosin from a single tissue source from different species 
might solve the problem of tropomyosin isoforms since tropomyosins in mollusks are 
tissue specific (Ishimoda-Takagi et aL, 1986; Ishimoda-Takagi and Kobayashi, 1987). 
The present study identified the major allergen in octopus is tropomyosin. To 
identified allergens and IgE-binding epitopes in shellfish is a critical step of 
elucidating the mechanism of shellfish allergy. Since allergens in shellfish have been 
identified, more efforts should be on the analysis of their epitopes. All identification 
of epitopes in allergens will be very useful in the decision of diagnostic methods and 




The present study describes the immunological characterization of allergens in 
cephalopod species and the immunological and molecular identification of allergen in 
octopus. The conclusions based on the major findings of the present study are as follows: 
1. Multiple allergens in cephalopod species were identified. The molecular weights of 
allergens m cephalopods varied from 10 to 100 kDa. This finding supports the 
previous study by Leung et al (1996) on the presence of minor allergens with 
molecular weights different from the shellfish major allergen tropomyosins (34-39 
kDa) in squid and octopus. 
2. Only eight out of forty-one sera from the shrimp allergic patients reacted to the 
muscle extracts of cephalopods. The number of the shrimp allergic sera reacted to 
cephalopod extracts was quite low. This suggested that the number of patients with 
shnmp allergy only might be higher than those with both shrimp and cephalopod 
allergy. 
3. The muscle protein tropomyosin was isolated and identified to be the major allergen 
m octopus, Octopus luteus. This allergen is designated as Oct I I and contains an 
internal EcoRI site in nucleotide sequence. Two DNA fragments from cDNA of Oct I 
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I generated by EcoRl digestion expressed 13 and 29 kDa recombinant proteins. 
However, the molecular weight of Oct 11 is lower since part of the protein expressed 
at the N terminus is not tropomyosin. The nucleotide and amino acid sequence of Oct 
I I is highly homologous to tropomyosins in other mollusks, particularly to the oyster 
C. gigas and the abalone H. rufescens. 
4. At least two epitopes in Oct I I are present since both the small and large fragment 
from Oct 11 showed IgE-binding reactivity during dot blot analysis. The IgE-binding 
reactivity of the small fragment could not been confirmed by immunoblotting 
probably because the change in its tertiary conformation under gel electrophoresis. 
5. A cDNA encoding for the partial fragment (residue 1-30) was isolated during cDNA 
library screening and showed IgE reactivity during clone purification. Therefore this 
segment, residues 1-30 (MDAIKKKMLAMKMERELATDKAEQTDQNLR) located 
at the N terminus of Oct 11, is suggested to contain an IgE binding epitope. 
6. The tropomyosin gene is a candidate for phylogenetic analysis of mollusks. The 
protein sequence of tropomyosin from mollusks was able to resolve the higher 
systematic (order and family level) in mollusks. The applicability of using 
tropomyosin gene for phylogenetic study should be explored further. 
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